Context. Metal-poor components of dwarf galaxies around the Milky Way could be remnants of the building blocks of the Galactic halo structure. Low-mass stars that are currently observed as metal-poor stars are expected to have formed in chemically homogeneous clusters in the early phases of galaxy formation. They should have already disintegrated and should exhibit large scatter in abundance ratios of some sets of elements (e.g., Sr/Ba) in the Milky Way field stars. However, chemical abundance ratios are expected to cluster in very metal-poor stars in dwarf galaxies because the number of clusters formed in individual galaxies in the very early phase is expected to be quite limited. Aims. We examine the possible clustering of abundance ratios of Sr and Ba in the Sextans dwarf galaxy to test for the clustering star formation scenario. Methods. We investigate a total of 11 elements (C, Mg, Ca, Sc, Ti, Cr, Mn, Ni, Zn, Sr, Ba) in five stars in the Sextans dwarf galaxy. Previous studies suggest that these have similar abundance ratios. In this study, we focus on the abundance ratio of Sr to Ba. The observations are based on high-resolution spectroscopy (R = 40 000) using the Subaru Telescope High Dispersion Spectrograph. Results. The distribution of α/Fe abundance ratios of the Sextans dwarf galaxy stars is slightly lower than the average of the values of stars in the Galactic halo. The Sr/Ba abundance ratios for the five metal-poor stars are in good agreement, and this clumping is distinctive compared to the [Sr/Ba] spread seen in the metal-poor halo stars. We find that the probability of such clumping is very small if the Sextans stars have distributions of Sr and Ba abundances similar to halo stars.
Introduction
According to the scenarios of structure formation, small galaxies like dwarf spheroidal galaxies have contributed to building up the larger ones, including the Milky Way (e.g., Diemand et al. 2007) . Numerical studies such as that by Font et al. (2006) suggest that the accreted substructures should be detectable kinematically and chemically, even billions of years after the Milky Way first formed. Indeed, evidence in favor of this scenario is found in the difference in stellar dynamics, showing that the halo is separated into substructures (e.g., Helmi et al. 1999; Starkenburg et al. 2009; Xue et al. 2011) .
Another useful technique is the so-called chemical tagging, which aims to assign stars to groups based on their chemistry (e.g., Freeman & Bland-Hawthorn 2002) . Low-mass stars that are currently observed as metal-poor stars are expected to have formed in chemically homogeneous clusters in the early phases of the galaxy formation. The classification of stars into groups with similar chemical composition is used to identify stars with a ⋆ Study based on data collected with the Subaru Telescope, operated by the National Astronomical Observatory of Japan. common origin, possibly in the same cluster. Nevertheless, very metal-poor stars ([Fe/H]< −2.5 dex) in the halo field exhibit a smooth dispersion in abundance ratios suggesting that a large number of such clusters have contributed to forming the halo structure. However, in order to apply chemical tagging to the Milky Way halo, a considerably large sample is required. There is an intention to apply this technique to the stars of field halos by large-scale spectroscopic follow-up of the Gaia sample (e.g., Hawkins & Wyse 2018) .
On the other hand, the application of chemical tagging to the metal-poor range of faint dwarf galaxies is expected to be more straightforward. Faint dwarf galaxies contain very metalpoor stars whose chemical abundances are useful for studying the environment and the formation process of galaxies. Bland-Hawthorn et al. (2010) performed a detailed investigation of the formation of clusters with homogeneous chemical composition, and found that a small number of very metal-poor stars do not form smooth distributions but make clumps in the abundance plane of [Fe/H] versus [X/Fe], including the neutron-capture elements (e.g., [Ba/Fe] ). This is in clear contrast to field halo stars, which would have also been born in clusters, but the number of clusters is so large that their abundances are expected to become (2) References.
(1) Aoki et al. (2009a) ; (2) Shetrone et al. (2001) dispersed, leading to a large and smooth distribution in abundance ratios of elements. The clustering in elemental abundances of metal-poor stars in dwarf galaxies is expected to be useful for examination of the procedure of chemical tagging and would help to constrain the formation scenario for the Milky Way. The Sextans dwarf spheroidal galaxy would be an ideal galaxy for examination of chemical tagging. Aoki et al. (2009a) show measurements of six metal-poor stars of the Sextans dwarf galaxy with low magnesium (Mg), calcium (Ca), and barium (Ba) abundance ratios. Karlsson et al. (2012) suggested the possibility that clustering with homogeneous chemical composition is apparent in this dwarf galaxy from the observation of Sextans metal-poor stars showing a clump in the [Mg/Fe] and [Fe/H] plane around [Fe/H]∼ −2.8. However, the number of elements studied so far for chemical tagging is still relatively small. Further abundance measurement for metal-poor stars in the Sextans dwarf galaxy would be an ideal way to examine the usefulness of the chemical tagging method.
Chemical tagging is usually applied using abundance ratios of α-elements and Fe-peak elements because α/Fe reflects the timescale of the chemical evolution of the system (e.g., Tinsley 1979) . However, the abundance differences between stars are not very large (at most 0.5 dex). Abundance ratios of neutroncapture elements (e.g., [Sr/Ba]) confer an advantage for chemical tagging because they show large scatter in their abundance ratios, and the differences can be clearly measured. For the Sextans dwarf galaxy, chemical tagging using the abundance ratios of neutron-capture elements appears to be possible according to previous observations. There is a total of nine very metalpoor stars (−3.0 < [Fe/H] < −2.6) for which Ba abundance has been measured in previous studies (two stars by Tafelmeyer et al. (2010) , six by Aoki et al. (2009a) , and one by Shetrone et al. (2001) ). Seven out of these very metal-poor stars show very good agreement of [Ba/Fe]∼ −1.2 dex. This clumping is remarkable, given the large scatter of [Ba/Fe] seen in the field halo stars in the same metallicity range. The two remaining stars, S 15-19 and S 12-28 (Aoki et al. 2009a) , have an excess of Ba. Furthermore, S 15-19 ([Ba/Fe] = 0.5 dex) is considered to be an s-process enhanced star (Honda et al. 2011) . The similarity of the [Ba/Fe] in the remaining stars could be a signature of low-mass star formation in the same cluster, their Ba sharing the same origin.
Moreover, the Sr abundance of two of these stars was measured by Tafelmeyer et al. (2010) using the Very Large Telescope (VLT). The abundance ratios [Sr/Ba] of the two stars are in very good agreement, measuring 0.89 dex and 0.84 dex for S 24-72 and S 11-04, respectively. The Milky Way halo stars show a large and smooth dispersion of [Sr/Ba] (≥ 2 dex) for field halo stars of the same metallicity and in a similar [Ba/Fe] range. We therefore expect that determination of the abundance of Sr and subsequent determination of the [Sr/Ba] ratio provides the strongest constraint on the model of chemical clustering in dwarf galaxies.
In §2, we describe the sample selection and the details of spectroscopic observations. §3 gives the estimates of the stellar parameters and the details of the chemical abundance analysis. In §4, we present our results. We discuss the derived abundances in §5. Finally, we summarize our study in §6.
Observation
Metal-poor stars in the Sextans dwarf spheroidal galaxy were selected for our study to obtain high-resolution spectra of the UV-blue range. We selected stars that have similar Ba abundances according to previous studies by Aoki et al. (2009a) and Shetrone et al. (2001) . The selected stars have similar metallicity to the two stars for which the Sr abundance was measured by Tafelmeyer et al. (2010) 
We selected S 10-14 and S 11-13 from Aoki et al. (2009a) and S 49 from Shetrone et al. (2001) , as they are the three brightest stars (V∼ 17.5) among the target candidates.
The targets were observed from 2016 April 26 to 28 for the first half of the night for all three days with the 8.2 m Subaru Telescope High Dispersion Spectrograph (HDS, Noguchi et al. (2002) ). The wavelength coverage is from 3920 to 5604 Å with a resolving power of R=40,000 (0.9 arcsec slit). The signal-tonoise ratio (S/N) per resolution element (3.7 pixels) of the spectrum is estimated from photon counts at 4100 Å and 5180 Å. Positions of objects, exposure time, S/N, and observed dates are summarized in Table 1 .
We reduced the raw data via a standard process using the IRAF échelle package 1 . The effect of the sky background is significant in spectra that were taken at the end of the observation when the moon rose. We removed the sky background from the spectra by extracting them from the region around the stellar spectra on the slit. The individual spectra were then combined after the wavelength calibration.
Chemical abundance analysis
Chemical abundances are determined based on model atmospheres and spectral line data. We employ the ATLAS model atmospheres with the revised opacity distribution function (NEWODF) by Castelli & Kurucz (2003) . We applied the onedimensional local thermodynamic equilibrium (LTE) spectral synthesis code, which is based on the same assumptions as the model atmosphere program of Tsuji (1978) and has been used in 1 IRAF is distributed by National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in Astronomy, Inc., with the cooperation of the National Science Foundation Article number, page 2 of 19 previous studies (e.g., Aoki et al. 2009b ). The line list is given in Table A .1.
Stellar parameters
Among the stellar parameters, we estimate effective temperature (T eff ) from the color (V − K), adopting the K magnitude and V magnitude from the SIMBAD astronomical database 2 (Wenger et al. 2000) for the three target stars. We used V − K since the temperature scales are less dependent on metallicity and molecular absorption in giant stars. We estimated T eff from the color-temperature relation for giant stars by Hernández & Bonifacio (2009) . Different extinction for foreground reddening was estimated for different stars in the range 0.01<E(B−V)< 0.05. The uncertainty of T eff due to photometry errors (about 0.1 mag) and uncertainty of reddening (0.05 mag) is about 100 K. Including the uncertainty of the T eff scale, we adopt 150 K as the uncertainty that is applied to estimate abundance errors. Surface gravity (log g) was determined using the following relation with effective temperature, mass, and bolometric magnitude:
where log g ⊙ = 4.44, T eff⊙ = 5790K, and M Bol⊙ =4.74 for solar values and M * = 0.8M ⊙ for the mass of the RGB stars are adopted. We calculated the absolute bolometric magnitude (M Bol * ) of the stars using the calibration for the bolometric correction from Alonso et al. (1999) . We assume 90 kpc for the distance to the Sextans dwarf galaxy (Karachentsev & Karachentseva ????) . We estimated the uncertainty of log g adopting errors of stellar mass (10%), T eff (150 K), and M bol (0.3 mag), resulting in 0.22 dex. We adopt 0.3 dex as the uncertainty that is applied to estimate the abundance error. We adjusted micro-turbulence (ξ) so that the Fe abundances derived from individual lines do not show systematic differences 2 SIMBAD Astronomical Database: http://simbad.u-strasbg.fr/simbad/ depending on the strength of the Fe i lines. By changing ξ, the trend appears in Fe abundance against the equivalent width. The uncertainty of ξ is estimated when this trend in the Fe abundance becomes larger by 1 σ.
Finally, we determined metallicity ([Fe/H]) from the final averaged abundance of Fe i. The errors are estimated from the scatter of Fe abundances derived from individual Fe I lines. Stellar parameters of the targets and their comparison with previous studies are summarized in Table 2 . Some of the stellar parameters are different from those found in previous studies, which would affect the results of chemical abundances. The difference in chemical abundance and possible effects of the stellar parameters are discussed in the sections below.
We re-analyzed the spectrum of HD 88609 obtained by Honda et al. (2007) . This is a cool red giant with a similar metallicity to the stars of our Sextans sample, and was well studied by previous works. The effective temperature for this object is taken from Honda et al. (2007) , and other parameters are derived from the analysis of the high-resolution spectrum as done for the Sextans sample. The stellar parameters of this star obtained here are compared to those obtained by Honda et al. (2007) in Table 2 .
Abundance measurements and error estimates
In our error estimates, we investigate the systematic difference in chemical abundances that occurs with uncertainties of model atmosphere parameters. The effects of changes of stellar parameters on the abundances are given in Table 3 for S 49. We expect that the other stars from the sample show similar behavior because they have similar stellar parameters, and we apply these parameters for error estimates of all the stars of our sample. Table 3 shows differences in abundance measurements by changing ±150 K for T eff , ±0.3 dex for log g, ±0.3 dex for [Fe/H], and ±0.5 km −1 for ξ. The abundance of elements increases when a higher T eff is assumed, while it decreases when a higher ξ is assumed. On the other hand, the effects of [Fe/H] and log g are generally different for abundances of neutral and ionized species. The abundances derived from neutral species are generally lower when higher [Fe/H] and log g are adopted, while the opposite is We measured the abundances of elements from magnesium (Mg) to barium (Ba) in the present study. Details of the abundance measurements for individual species are given in Sects. 3.3-3.5. The abundance of Sr is measured for the first time in all three targets. For those elements with several absorption lines available in our spectra, the averaged abundances from individual lines are taken as the final results. For those that have only one or a few measurable lines, we applied the spectrum synthesis technique. The effects of hyperfine splitting were taken into account in the analysis of Ba assuming the r-process isotope ratios (McWilliam 1998) . To derive the [X/Fe] values, we used the Solar-System abundances obtained by Asplund et al. (2009) . Abundance and equivalent width of individual lines are given in Table A .1 and the final abundances adopted are summarized in Table 4 . In the following sections, we compare our abundances to those found in previous studies (Aoki et al. 2009a; Shetrone et al. 2001) .
The errors of derived abundances are estimated from the random errors and those due to uncertainties of stellar parameters. Random errors estimated for each species are σ/ √ (N), where σ is the standard deviation of abundances derived from individual lines and N is the number of lines used (Table 4 ). For elements that have only one or two available lines, the standard deviation of Fe from individual Fe I lines is adopted. The error due to uncertainties of stellar parameters is estimated for [X/Fe] values for element X. Namely, the changes of [X/Fe] by changing stellar parameters are calculated using the results given in Table 3 . We also derive the error of [Sr/Ba] in the same manner. The random errors and errors due to uncertainties of stellar parameters are added in quadrature to derive the total errors in our analysis.
To verify the consistency of our analysis, we apply the adopted stellar abundance analysis technique to the thoroughly investigated star, HD 88609. There is no significant difference between our measurement and those of previous studies of HD 88609 (Honda et al. 2007 ).
For C abundances, we estimate the errors by spectrum synthesis of the CH bands. We include the change of the abundance due to possible changes in continuum level, and the effect of changing the T eff by ±150 K.
Re-analysis of S 24-72 and S 11-04
Tafelmeyer et al. (2010) measured the chemical abundance including Sr and Ba in S 24-72 and S 11-04. These latter authors obtained their spectra with the high-dispersion spectrograph UVES at VLT, and the abundance ratios of [Sr/Fe] and [Ba/Fe] in the two stars show good agreement. To combine the available data for these two stars with our results for S 10-14, S 11-13, and S49, we apply our analysis procedure to the UVES spectra of S 24-72 and S 11-04 provided by the ESO archive. The high-resolution spectra used for this re-analysis were obtained from Program ID 079.B-0672A and 081.B-0620A.
We normalized the data in the same manner as for HDS data using IRAF, and applied the ATLAS/NEWODF models for abundance measurements. The stellar parameters were also estimated in the same manner; T eff from the (V − K), adopting the K magnitude and V magnitude from Tafelmeyer et al. (2010) . Here, log g was calculated from the photometric relation and [Fe/H] and ξ were derived from the standard LTE analysis of Fe i and Fe ii lines. The T eff of our estimation is 90 K lower than that of Tafelmeyer et al. (2010) for both stars. As we applied the same calculation to derive log g as Tafelmeyer et al. (2010) , the difference in logg is very small. We also measured the chemical abundance using the line list adopted for our three target stars instead of using the line list adopted by Tafelmeyer et al. (2010) . Tafelmeyer et al. (2010) used DAOSPEC 3 to normalize their data, and used the MARCS 4 spherical model atmosphere. Tafelmeyer et al. (2010) estimated the photometric temperature from V − I, V − J, V − H, and V − K using the calibration of Ramírez & Meléndez (2005) . Tafelmeyer et al. (2010) also restricted the Fe lines to excitation potentials larger than 1.4 eV, because Fe i lines with low excitation potential could be affected by NLTE effects. Our estimated stellar parameters and comparisons with Tafelmeyer et al. (2010) are summarized in Table 2. In the following sections, we compare the abundances of individual elements with the abundances found by Tafelmeyer et al. (2010) , along with our three targets.
Elements up to neutron capture elements

Carbon
Carbon abundance is measured using spectrum synthesis of the CH band at 4315 Å and 4324 Å. We estimate the [O/Fe]=0, and adopt the CH line list by Masseron et al. (2014) . The C abundance ratios of the three stars observed with Subaru are close to solar abundance ratio or lower overall, and are comparable to those of evolved stars with lower temperature and lower gravity. The abundance ratio of S 11-04 is also low ( 
α−elements
We measured Mg, Ca, and Sc as elements that represent the α−elements. The Mg abundances were determined from one to three lines of 4571, 4702, 5183, and 5528 Å. The line at 5172 Å is not used because of the effect of the bad column on the CCD. The abundances from individual lines show fairly good agreement with each other. The line at 5183 Å is the only one commonly used by the two latter-mentioned studies and ours. The equivalent widths of 5183 Å we measured for S 10-14 and S 11-13 are very similar, with a difference of around ±5 mÅ from those obtained by Aoki et al. (2009a) . Other lines commonly used for our measurement and that of Aoki et al. (2009a) also have similar equivalent widths, with the largest difference being ∼15 mÅ for 4571 Å in S 11-13. The [Mg/Fe] ratios of S 10-14 and S 11-13 are ∼ 0.20 dex larger than those reported by Aoki et al. (2009a) , but we still confirm the low [Mg/Fe] ratios compared to the typical values for Galactic halo stars (e.g., ∼ 0.4 dex). On the other hand, Shetrone et al. (2001) report a high [Mg/Fe] = 0.41 for S 49 due to their large equivalent width, while we obtain a relatively low abundance ratio for this star as well ([Mg/Fe] = 0.20). This large difference is partially explained by the relatively large difference in the adopted stellar parameters. According to the error estimates (Table 3), our abundance could be lower than that of Shetrone et al. (2001) by −0.06 dex due to the adopted parameter. Another possible reason for the difference is the equivalent width that Shetrone et al. (2001) measured. The equivalent widths of our measurement for the 4702 Å and 5183 Å lines are 48.5 mÅ and 186.5mÅ, while Shetrone et al. (2001) measure 88 mÅ and 229.5 mÅ, respectively. Figure 1 shows the observed Mg line of S 49 at 5183 Å compared with a synthetic spectrum corresponding to the equivalent width of ours and that of Shetrone et al. (2001) . We suspect that the measurement of the equivalent width of the line used by Shetrone et al. (2001) is an overestimate.
For S 24-72 and S 11-04, we used three lines (5172, 5183, and 5528 Å) to derive the Mg abundances. Tafelmeyer et al. (2010) also used the same lines, and our abundance ratios [Mg/Fe] agree very well with their results. The [Mg/Fe] for the two stars also agree with the [Mg/Fe] of the three targets observed with Subaru HDS. The abundance ratios including other low-metallicity stars in the Sextans dwarf galaxy and field halo stars are shown in Figure 2 .
The Ca abundances of the three stars observed with Subaru are derived from one to three Ca I lines (4454, 4455, 5265, 5588 Å) , while in S 24-72 and S 11-04, we use three and five lines, respectively, in λ > 5588 Å. The abundance ratios compared with other stars in the Sextans dwarf galaxy and halo stars are shown in Figure 2 . There is no line in common with the previous studies since Aoki et al. (2009a) and Shetrone et al. (2001) Aoki et al. (2009a) . Figure 3 shows this trend for the five stars that we measure in this work along with the other stars measured by Aoki et al. (2009a) . The object with the highest Mg and Ca abundances is S15-19, which is well separated from the others (Aoki et al. 2009a ) and has abundance ratios typically found in the Milky Way.
The Sc abundances are determined from one to four lines of 4314, 4374, 4400, and 4415 Å for the HDS targets. The abundances from individual lines show relatively good agreement with each other. Aoki et al. (2009a) only measured the Sc abundance for S 11-13, using a line at 5526 Å. This line is not measurable in our data. The [Sc/Fe] ratio of the star is ∼ 0.07 dex smaller than that reported by Aoki et al. (2009a) . Shetrone et al. (2001) do not report on the Sc abundance of S 49. Therefore, this study is the first to report the Sc abundance of S 10-14 and S 49.
For S 24-72 and S 11-04, we used 5031 and 5526 Å to derive the Sc abundances. Tafelmeyer et al. (2010) also used the same lines. The equivalent widths agree very well with the result of these latter authors. The difference in [Sc/Fe] ratio is around 0.06 dex, indicating that our results agree very well with theirs.
Fe group elements
The abundance of Ti is only obtained from species in the neutral and first ionization stages. Only the upper limit of Ti abundance is obtained for S 10-14 and S 49 from Ti i lines. The abundance ratios from Ti i and Ti ii lines of S 11-13 are in good agreement with each other. For S 49, the abundance ratio [Ti/Fe] by Shetrone et al. (2001) is −0.29 ± 0.15 dex, which is notably lower than what we obtained, even considering the difference in adopted stellar parameters. No Ti i lines were measured that are common to both our study and that of Shetrone et al. (2001) .
In the study by Tafelmeyer et al. (2010) , large differences were seen in the first and second ionization stages for S 24-72 and S 11-04; these latter authors find that the ratio of [Ti/Fe] from Ti ii lines is ∼ 0.42 dex larger than that from Ti i lines. Our measurements for S 24-72 and S 11-04 also show similar differences (Table 4 ).
The Cr i lines at 4254, 5345 and 5409 Å are used for all three targets, whereas 4289 Å is also used for S 11-13. The abundance ratios of [Cr/Fe] of the three stars are in good agreement with each other. The Cr abundance of S 24-72 and S 11-04 was measured using three or four lines at 5256, 5208, 5345, and 5409 Å. The Cr abundances of all five stars are in good agreement with those of previous studies, and we also note that the abundance ratios are in good agreement with those of metal-poor red giant stars in the Galactic halo.
The Mn abundance was measured using one or two lines at 4048, 5407, and 5420 Å for S 10-14 and S 11-13. Aoki et al. higher than that of the other targets including S 24-72 and S 11-04, but the ratio is still within the typical values for metal-poor Galactic halo stars.
The Mn abundance of S 24-72 and S 11-04 was measured using two to three lines at 4041, 4783, and 4823 Å. The abundances measured using individual lines are in good agreement with each other. Tafelmeyer et al. (2010) only used the line at 4823 Å, and the equivalent widths measured by these latter authors agree well with our measurements. The [Mn/Fe] ratios are also in good agreement.
The abundance of Ni was measured using a single Ni i line at 5476 Å for all three targets. This was also done for S 11-13 and S 49 by Aoki et al. (2009a) and Shetrone et al. (2001) . The abundance ratio [Ni/Fe] that we obtain is lower for both stars compared to these two latter-mentioned studies. For S 49, the difference is larger than the error. The equivalent width that these latter two groups measured for 5476 Å is 116 mÅ, which is ∼46 mÅ larger than ours. As mentioned for Mg, the equivalent widths measured by Shetrone et al. (2001) are overall larger than our measurements, and lead to larger abundances (except for Ca; but the difference is within the error and could be due to the difference in metallicity).
Using the same single line, we measured the abundance of Ni for S 24-72 and S 11-04. Our [Ni/Fe] ratios are smaller than those of Tafelmeyer et al. (2010) by −0.20 and −0.19 for S 24-72 and S 11-04, respectively. Our equivalent widths measured for both stars are in good agreement. The difference in [Ni/Fe] of S 24-72 can be explained by the difference in applied stellar parameters. A relatively large difference is found in ξ and T eff which results in a lower Ni abundance according to our error estimate ( Table 3) .
We obtained the abundance of Zn for two targets, S 11-13 and S 49, with a single Zn i line at 4810 Å. This element was not measured by Aoki et al. (2009a) and only an upper limit was estimated for S 49 by Shetrone et al. (2001) using the same line. The same line was used for S 24-72 and S 11-04 to obtain the Zn abundance in the present study, whereas Tafelmeyer et al. (2010) did not measure this element. Overall, the abundance ratios are in good agreement with those of metal-poor red giant stars in the Galactic halo.
Neutron-capture elements
We obtained Sr and Ba abundances for our targets in the Sextans dwarf galaxy and comparison stars. We also estimated the upper limits of Y and Eu. The results are given in Table 4 . The upper limits estimated for the two elements are not very meaningful because of the limited quality of our spectra and the low abundances expected for these elements from Sr and Ba abundances. An overall summary of Sr and Ba abundances is given in Table 5 .
We measured the abundance of Sr using the two Sr ii lines at 4078 Å and 4216 Å, which is the first time this has been achieved for S10-14, S 11-13, and S 49. The logǫ(Sr) of the three stars are in good agreement with each other. We used the same two lines to obtain the Sr abundance of S 24-72 and S 11-04. The [Sr/Fe] of S 24-72 is in good agreement with that of three of the stars in the sample, while the [Sr/Fe] of S 11-04 is slightly higher than the other four stars. The [Sr/Fe] values measured by Tafelmeyer et al. (2010) for S 24-72 and S 11-04 are −0.21±0.35 and −0.01±0.40, respectively, which are considerably larger than what we obtain for the same stars, even considering the difference in the stellar parameters. Figure 4 shows the Sr line for S 11-04 at 4215 Å compared with the synthetic spectra corresponding to the equivalent widths of ours and of Tafelmeyer et al. (2010) . The equivalent width that we measure for Sr is not very different from that measured by these latter authors, suggesting that the difference in the stellar parameters could be the reason for the difference in abundance.
According to our error estimates (Table 3) , the abundance of Sr ii is relatively sensitive to stellar parameters. The difference in the value of the parameters between the two studies could result in a difference in Sr abundance for S 24-72 of ∼ −0.34 dex according to our error estimates. Similarly, for S 11-04, the relatively large difference in its parameters could change the Sr abundance of S 11-04 by −0.40 dex. However, these differences cannot fully explain the large difference between the [Sr/Fe] that we obtain and that of Tafelmeyer et al. (2010) , and a 0.4 dex difference remains.
It should be noted that the treatment of scattering in the opacity calculations in the spectrum synthesis code is discussed in Tafelmeyer et al. (2010) in detail. We presume that this is not the reason for the discrepancy of Sr (and Ba) abundances because (1) scattering is included in the opacity calculation in our analysis; (2) no clear dependence of derived Fe abundances on the wavelengths of spectral lines is found in the analysis for HD 88609 (as shown in Fig. 5 ), in contrast to the dependence found by Tafelmeyer et al. (2010) , where these latter authors do not include the effect of scattering; and (3) the Sr abundance derived by our analysis is lower than those of Tafelmeyer et al. (2010) , whereas higher abundances are expected if the effect of scattering is not included according to their inspection.
The Sr abundance derived for the comparison star HD 88609 in our analysis is in good agreement with those of Honda et al. (2004) and Honda et al. (2007) . The differences between their results and ours are smaller than 0.1 dex. Hansen et al. (2012) obtained a higher Sr abundance for this object by about 0.3 dex. This is at least partially explained by the difference of microturbulent velocity: our value is 0.7 kms −1 larger than that of these latter authors, which could result in an abundance that is lower by about 0.3 dex.
Although there remains a discrepancy between our results for S24-72 and S11-04 and those of Tafelmeyer et al. (2010) , we expect that our results can be combined with those of the other three stars to which the same analysis technique is applied. A comparison of [Sr/Fe] in the red giant stars of the Galactic halo is shown in Figure 6 . Sr is clearly under-abundant in these stars in the Sextans dwarf galaxy compared to the average abundance ratio of field stars. The possible offset between our results and those of previous studies should be noted, taking into account the discrepancy in derived Sr abundance between our analysis and that of Tafelmeyer et al. (2010) . Nevertheless, the possible offset is at the level of 0.4 dex, which does not affect the above result showing that Sr is under-abundant in the Sextans stars.
We obtained the abundance of Ba whilst taking the effect of hyperfine splitting into consideration (McWilliam 1998). Aoki et al. (2009a) measured the abundance of Ba from two lines at 4934 Å and 6141 Å. These latter authors did not use the line at 4554 Å because it is affected by a bad column on the CCD. Shetrone et al. (2001) measured the Ba abundance of S 49 from two lines at 5853 and 6141 Å without considering the effect of hyperfine splitting. We measured the Ba abundance of S 24-72 and S 11-04 using 4934, 6141, and 6496 Å, including the effect of hyperfine splitting. The differences in [Ba/Fe] and [Sr/Ba] abundance ratios between ours and previous studies are given in Table 5 . The [Ba/Fe] of S 24-72 and S 11-04 is compared with other stars in the Sextans dwarf galaxy and halo stars in Figure 6 . Ba is also under-abundant in these stars in the Sextans dwarf galaxy. Tafelmeyer et al. (2010) showed that S 24-72 and S 11-04 have similar [Sr/Ba] abundance ratios (∼0.8 dex). Since we obtained a lower Sr abundance, the Sr/Ba abundance ratio we measure is lower than that of Tafelmeyer et al. (2010) . We adopt the result obtained by our analysis which was also applied to the abundance measurements for S 10-14, S 11-13, and S 49 observed in the present work. The standard deviations for [Sr/Fe] and [Ba/Fe] for the five Sextans stars analyzed here are 0.27 and 0.25 dex, respectively. These values are similar to the errors estimated for [Sr/Fe] and [Ba/Fe], which are 0.26 and 0.27 dex, on average, respectively. This indicates that we find no intrinsic scatter in these abundance ratios for the five stars studied here. The upper limit of the scatter would be comparable to the average errors estimated. As for [Sr/Ba], the standard deviation of the five Sextans stars is 0.07 dex, while the estimated error is 0.32 dex. Clearly, no intrinsic scatter of the abundance ratios is found in our results. The fact that the scatter of [Sr/Ba] is smaller than the errors possibly indicates that the errors are overestimated in our study, but we can still conclude that intrinsic scatter is not found.
As we point out in Sect.1, abundance ratios of neutroncapture elements (e.g., [Sr/Ba]) confer an advantage for chemical tagging, because their abundance ratio could be sensitive to the enrichment by preceding nucleosynthesis events, which results in a large scatter in metal-poor stars in the Milky Way halo. Figure 7 shows the relation between [Sr/Ba] and metallicity of our five Sextans dwarf galaxy stars and the stars in the Milky Way halo which show a large scatter. On the contrary, the five Sextans dwarf galaxy stars show very good agreement in the [Sr/Ba] ratio. In the following section, we discuss the possible reasons for the clustering of [Sr/Ba].
Discussion
Clustering of abundance ratios
The abundance analysis for five extremely metal-poor stars in the Sextans dwarf galaxy confirms the clustering of abundances of Mg, Ca, and Ba as found by previous studies (Aoki et al. 2009a; Tafelmeyer et al. 2010 ). Here we focus on the abundance ratios A&A proofs: manuscript no. Sextans-paper-ref-Finalcorr-arxiv , Draco ), Sculptor Jablonka et al. 2015) , and Ursa Minor , and stars in ultra faint dwarf galaxies are shown by triangles for Reticulum II , Coma Berenices Figure 7 ). Within this range, there are 16 RGB halo stars out of the selected 98 stars. If the five stars of our sample are assumed to have a similar distribution of [Sr/Ba] to that of the field halo stars with similar [Ba/Fe], the probability that the five Sextans metal-poor stars clump in the range of 0.2<[Sr/Ba]<0.6 is (16/98) 5−1 = 0.07%. If we adopt a wider range, namely −0.2 <[Sr/Ba]<0.8, the number of RGB stars in the range is 44, and the probability estimated in the same manner is 4.06%. This result indicates that the clustering of the [Sr/Ba] abundance ratios of the five stars is significant, which is not explained if the [Sr/Ba] distribution of halo stars is assumed. Similar estimates of the probabilities that the five Sextans stars clump in the ranges given above for [Sr/Fe] and [Ba/Fe] are as low as 0.1%.
It should be noted that the [Sr/Fe] and [Ba/Fe] values of very metal-poor stars in dwarf galaxies are relatively low in general, and therefore it might not be meaningful to calculate the probability assuming the distribution of these abundance ratios of halo stars. By contrast, the [Sr/Ba] values of very metal-poor stars in dwarf galaxies show a wide distribution (see below).
The clustering of [Sr/Ba] could be evidence that the five metal-poor stars in the Sextans dwarf galaxy were formed in an environment of homogeneous chemical composition. Our result does not prove that all the extremely metal-poor stars in this galaxy were formed in an environment of homogenous composition since there is at least one other star studied by Aoki et al. (2009a) with similar metallicity but with higher Mg and Ba abundance (Figure 2 and 7) . There could be more than one cluster in this dwarf galaxy, but this has not yet been confirmed. However, the fact that a group of extremely metal-poor stars in the Sextans dwarf galaxy share a similar [Sr/Ba] ratio at least provides constraints on the numerical simulation of possible hierarchical formation and merger history of the Sextans dwarf galaxy.
Such clustering of chemical abundance ratios in very metalpoor stars is predicted by models of dwarf galaxy formation (e.g., Bland-Hawthorn et al. 2010) , which is in clear contrast to the dispersion in field halo stars. The large and smooth distribution in abundance ratios for elements in the field halo stars could be the result of combining a large number of clusters. More samples of clustering in elemental abundances for metal-poor stars in dwarf galaxies would provide a means to strongly constrain the scenario for Milky Way formation. Some objects in dwarf galaxies follow the anti-correlation trend, but many others show lower [Sr/Ba] than the trend. We note that within the same classical dwarf spheroidal galaxies, there is generally good agreement between stars in terms of [Ba/H], but the number of stars studied for each galaxy is still too small. Our measurements of Sr and Ba abundances for five stars in Sextans are a first example of clustering of the abundance ratios including neutron-capture elements.
Sr and Ba abundances in dwarf galaxies
The Milky Way halo stars in Figure 8 show not only the strong anti-correlation but also a branch with [Sr/Ba]∼ 0, which starts to extend at [Ba/H]∼−4. This is also apparent in the dwarf galaxy stars, including the Sextans dwarf galaxy stars we analyzed. This branch is also mentioned by Mashonkina et al. (2017) . These latter authors suggest that this branch is due to a second producer of Sr which is independent of the production of Ba and operated below [Ba/H] ∼−4. It is also possible that the Sr and Ba of the stars that lie on this branch come from the same origin. Interestingly, we can see that stars in ultra-faint dwarf galaxies other than Reticulum II lie near this branch. Reticulum II, an ultra-faint dwarf galaxy known to have enriched r-process element abundance also shows clustering in Figure 8 . In this figure, we selected those stars that have similar metallicity to our A&A proofs: manuscript no. Sextans-paper-ref-Finalcorr-arxiv . Given the wide metallicity distribution, the homogeneity of neutron-capture element ratios found in Reticulum II could be due to different mechanisms from those that lead to the clustering found in dwarf spheroidal galaxies.This homogeneity could be due to a single r-process event that has polluted the whole progenitor of the ultra-faint dwarf galaxy. The classical dwarf spheroidal stars, in general, have slightly higher [Ba/H] than the majority of those in ultra-faint dwarf galaxies. The stars with [Sr/Ba]> 0.0 (except for the Sextans dwarf galaxy stars) lie on top of the thick anti-correlation trend of the Milky Way halo stars. On the other hand, classical dwarf spheroidal stars with negative [Sr/Ba] (two stars in Carina and two in Draco) do not follow the anti-correlation trend and are not found in the aforementioned branch. We note that within the same dwarf galaxies, some stars have a similar Sr/Ba ratio, but the number of stars studied is too small for a meaningful analysis of clustering. On the other hand, Tucana II, an ultra faint dwarf galaxy that has four stars in our range of [Fe/H] shows moderate clustering in [Sr/Ba]. The majority of these stars are located in the branch mentioned in the previous paragraph.
Overall, the stars in classical dwarf spheroidal galaxies do not show the clear anti-correlation trend in [Sr/Ba] as a function of [Ba/H], which we see clearly in the Milky Way halo stars. On the other hand, the abundance ratios of the ultra-faint dwarf galaxy stars generally show an anti-correlation trend with smaller inclination, from the lower part of the anti-correlation on the Milky Way halo stars at higher [Ba/H] to the "branch" at [Sr/Ba]∼ 0 at lower [Ba/H].
Summary
We analyzed the high-resolution spectra of five metal-poor red giants ([Fe/H]< −2.8) in the Sextans dwarf spheroidal galaxy. Three of the stars were observed with Subaru HDS, while two stars were taken from the VLT archive. The abundances of eight chemical elements were measured. The abundance of Sr was measured for the first time in the three targets observed with Subaru.
We have confirmed that, in general, the α/Fe abundance ratios of dwarf galaxies are slightly lower than the average for stars in the Galactic halo. The abundance ratios of Mg, Ca, and Ba for the five stars of our sample show good agreement with one another.
The Sr/Ba abundance ratios of the five metal-poor stars are also in good agreement with each other. The clumping is distinctive compared to the [Sr/Ba] spread seen in the halo stars with similar metallicity. The probability of such clumping of [Sr/Ba] is very small if the [Sr/Ba] distribution of halo stars is assumed. The clustering of [Sr/Ba] that we observe is good evidence that these stars were formed in an environment of homogeneous chemical composition.
Previous studies of other dwarf spheroidal galaxies, including ultra-faint dwarf galaxies generally, reveal two general trends for the Milky Way halo stars. One is the [Ba/H] versus [Sr/Ba] anti-correlation trend, and the other is the branch of stars at [Ba/H]∼−4, with a flatter trend of [Sr/Ba]. Our results provide constraints on the possible different nucleosynthesis origins for Sr, which starts at [Ba/H]∼−4. Sextans dwarf galaxy stars lie at the start of the branch, which could provide a hint to the formation and chemical origin of the Sextans dwarf galaxy.
Our results also provide a constraint on the formation and chemical evolution of the Sextans dwarf galaxy and provide clues as to the roles of dwarf galaxies as building blocks for making large structures. Further surveys of metal-poor stars in dwarf spheroidal galaxies, along with their kinematic measurements, will improve our understanding of the role of dwarf galaxies in the evolution of the Milky way. After this work was completed, to further chemical abundance studies of the Sextans dwarf galaxy were submitted (Theler et al. 2019; Lucchesi et al. 2020, submitted) . This dwarf galaxy may be a particularly interesting future target as a relatively large number of its very metal-poor stars have been observed. 
